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Scale dependence of the two point correlation functions of passive scalar under the mean uniform gradient
is analyzed in terms of the Legendre expansion with the Lebedev quadrature. The expansion coefficients
decay with the order and decrease of the separation distance. The passive scalar exhibits large scale structure
extended along the direction of the mean gradients. It is found by large scale DNS with the grid points
8,1923 and 8.2 billions of cloud droplets that when the Reynolds number increases the intermittency increases but

the collision rate decreases because the particle clustering is suppressed by the enhanced intermittency.
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1. Anisotropy of passive scalar under uniform mean
scalar gradient

In order to study anisotropy of a passive scalar under the
uniform mean scalar gradient in isotropic turbulence, which is
typical and simplest situation observed in the atmosphere and
ocean, we have performed the direct numerical simulation of
the passive scalar in steady turbulence. The scalar g is excited
in terms of the uniform gradient /- applied along the x3
direction while the velocity field is excited by the random
force to sustain steady state. The correlation function
<q(xtr)g(x)> 1is expanded in terms of the Legendre
polynomials as

Qu(r, 1) = (qu( + 7)qu(x))
= Ao(r) + Aa(r) Pa(p) + Ag(r) Pa(p) + - --

i / Qu(r, 1) Pu(1)dS2

difr) = 4

The straightforward integration to obtain the expansion
coefficients using the Gaussian quadrature is found to be very
poor in accuracy. To avoid this, once the correlation function
is computed as the separation vector r, we compute the
expansion coefficients 4;(r) by using the Lebedev quadrature,
in which the distribution of the grid points over the unit sphere

Structure function
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Figure 1 Legendre expansion coefficients of the
second order moment of the scalar increment.
Sc =1, Res. ~ 300, Pex~ 130.

is uniform unlike the case of the Gaussian quadrature. Figure

1 shows the comparison of the expansion coefficients for the
order 0, 2, and 4 as functions of 7 It is seen that 4;(r) becomes
smaller with the order / and its decay in decreasing 7 becomes
faster with increase of the order, which in turn means that the
anisotropy becomes weaker at small scales as far as the
Schmidt number Sc=v/x is order unity.

The fluctuation field of the scalar ¢ when the velocity field is
excited at the wavenumber band [16,18], considerably higher
than the previous studied. The integral scale of the velocity
field is about Lu=0.12. Figure 2 shows visualization of the
scalar fluctuation. It is seen that a very large spatial coherent
structure extended along the direction of the mean uniform
gradient emerges. The structure consists of many pieces of
small scalar fragments of which size is about the velocity
integral scale. On the other hand, a passive scalar, which is
excited by the random fluctuations applied at the same
wavenumber band as that of the velocity, does not have such a

Figure 2 Equisurface of scalar ¢ convected by the
isotropic turbulence which is excited by the random force
applied at the wave number band[16,17]. Red: >0, blue:
q<0. Sc=1, Ri=65. Integral scales are Lu=0.12, Lg=1.04
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large structure(figure not shown) . Physical explanation is not
known.

2. DNS of nonequilibrium cloud turbulence
embedded in the LES of cloud turbulence

We have explored method of turbulence excitation used in
DNS of cloud microphysics simulator (CMS) [1,2]. The
forcing is generated by using the time series data of the
velocity increments computed at the smallest grid separation
in the LES of cloud turbulence. The condition connecting the
DNS and LES is that the same amount of the kinetic energy
must be transferred from LES and received by DNS. It is
found that the resulting turbulence intensities on both

simulations are nearly the same.

3. Reynolds number dependence of collision
statistics of inertial particles in homogeneous
isotropic turbulence

Onishi and Vassilicos (2014) [3] proposed the hypothesis
that the intermittent nature of turbulence decreases the
so-called clustering effect on the collisions of inertial particles
in homogeneous isotropic turbulence (HIT). Onishi and
Seifert (2016) then quantified the decrease trend based on the
intermittency hypothesis. In this project, we have conducted
extremely large direct numerical simulations (DNSs) of
inertial particles in HIT to further investigate the Reynolds
dependence of clustering effect for the inertial particles with

the Stokes number of 0.4 in wider range of Reynolds numbers.

Figure 3 shows the clustering effect against the
Taylor-microscale based Reynolds number. The present
results agree with the conjecture from Onishi and Seifert
(2016), supporting the intermittency hypothesis.

We have handled extremely large-sized restart files. For
example, a set of restart files for the flow simulation with
8,1923 grids sum up to 16TB even in single precision. A
successful application of the irreversible (lossy) compression
based on wavelet transformation [6] shows compression of
flow restart file by a factor of 10 and reduction in the total
staging time in the Earth Simulator system, i.e., data transfer
time plus encoding and decoding time, by a factor of 8.
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